The development of fast acquisition cameras allows for the collection of a series of convergent beam electron diffraction (CBED) patterns at each scanning position during conventional STEM at a speed as fast as s/frame. Thus, a 4D-STEM dataset (2D in real space as a function of probe position and 2D diffraction pattern in each real space position) is generated while high-angle annular dark field (HAADF)-STEM images of the sample are acquired. By analyzing the 4D-STEM dataset, we can achieve more accurate structural information than conventional STEM images acquired at a lower electron dose, i.e., imaging both the heavy (conventionally seen by annular dark field -ADF) and light (conventionally seen by annular bright field -ABF) elements at atomic resolution simultaneously. Moreover, 4D-STEM dataset analysis can reveal the field information of the sample such as the electric field, magnetic field, atomic potential, and strain. There are several techniques that have been commonly used to extract informa tio n from scanning CBED patterns, such as differential phase contrast (DPC) ptychography. By calculating the center of mass (COM) of the CBED patterns, which is the derivative of the first moment, DPC generates a qualitative solution that is linear to the electromagnetic field of the sample [1] [2] [3] . Ptychography is a more complicated phase retrieval method that either employs iterative algorithms [4] [5] [6] or phases up the transfer function of the 4D-STEM dataset [7] [8] to quantify the projected potential.
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Even though ptychography extracts the projected potential quantitively and DPC extracts the projected field qualitatively, both present similar information for the sample. Some investigations have compared the calculated results from ptychography and DPC. Yang et al., [9] compared the phase contrast transfer functions (PCTF) of several experimental ptychography setups and DPC directly and showed that ptychography implemented on a Matched Illumination Detector Interferometry (MIDI)-STEM setup gives the best PCTF; Pennycook et al., [8] and Yang et al., [10] compared the DPC results from a segmented detector and ptychography results from a focused beam setup from Wigner Distribution Deconvolutio n (WDD) or Single-Side Band (SSB) methods and showed that ptychography provides better phase contrast than DPC; in another study [11] focused probe ptychography and COM DPC results were compared using the same dataset from a monolayer material and showed that ptychography demonstrates a higher spatial resolution than DPC. While each of these investigations derived from either the calculated transfer function [9] , a specific experimental setup [8] [10] , or a 2D material [11] , here we deliver a comprehens ive comparison between ptychography with a focused and a defocused setup and COM DPC on a bulk material. Together with simulations t, we clearly show how ptychography and DPC transfer each of the frequencies of the sample in their reconstructions.
The data was collected on a JEOL NEOARM in STEM mode at an accelerating voltage of 200kV. The sample used for this experiment was bulk SrTiO3 (STO). The defocused dataset was collected at ~22nm defocus plane where the probe size was ~1nm; the convergence angle was 40mrad and camera length was 0.077m. The focused dataset was collected with a convergence angle of 10 mrad and camera length of 0.258m. A 256×256 array of CBED patterns was collected over a field of view of 13.3nm for both the defocused and focused datasets using a pnCCD detector. Figure 1(left) shows the reconstructions and corresponding Fourier transforms of ptychography and DPC from the defocused dataset; Figure 1(right) shows the reconstructions and corresponding Fourier transforms of ptychography and DPC from the focused dataset. Our investigations show that ptychography has obvious advantages of spatial resolutio n and enhanced contrast on data collected with a broad beam while a sufficiently narrow beam does not provide enough illumination overlap between the adjacent scanning positions in real space and ePIE failed to converge to the global minimum. The high-resolution, low-dose characteristics of broad beam electron ptychography show its substantial advantages for characterization of radiation-sensitive materials. 
